Abstract-The phosphate solubilizing bacteria (phosphobacteria) secrete organic acids and phosphatase enzymes which act on insoluble phosphates and convert the same into soluble forms thus providing available phosphorus to the plants. They are also known to produce amino acids, vitamins and growth promoting substance like indole acetic acid (IAA), which helps in better growth of plants. The present studyaimed to isolate and screen out phosphate solubilizing bacteria from soil rhizosphere using serial dilution technique on pikovskaya agar plate. An effort was also made to obtain bacterial isolates for producing phosphatase enzyme and to study the production of IAA in NBRIP media containing tryptophan as a substrate.A total of 17 strains were isolated from soil rhizosphere and all the strains were able to produce IAA and phosphatase enzyme in vitro condition.
INTRODUCTION
Phosphorus is one of the major plant macronutrients, second only to nitrogen in requirement and component of nucleic acid in plants, which regulates protein synthesis and therefore is important in cell and development of new tissue (Gyaneshwar et al. 2002) . Compared to other essential macronutrients (with exception of nitrogen), P is one of the less-abundant (0.1% w/w) elements in the lithosphere (Jones and Oburger 2011) , thus often regarded as a limiting nutrient in agricultural soils. Phosphorus contents of soil vary from 0.02-0.5% (Barber 1984) . However, plants can not absorb insoluble forms of phosphorous and phosphorus has to be converted into soluble forms by phosphatase enzyme such as acidic and alkaline phosphatases. Many types of soil microorganisms particularly those belonging to phosphate solubilizing bacteria (phosphobacteria) play an important role in plant growth and development (Alam et al. 2002) and are able to solubilize unavailable forms of phosphates by excreting organic acids (Kucey 1983 ) and phosphatase enzymes mainly acid phosphatase (Rodriguez et al. 2000) . They are also known to produce amino acids, vitamins and growth promoting substances like indole acetic acid (IAA) and gibberellic acid (GA3) which help in better growth of plants.
Phosphobacteria have been found to produce some organic acids such as acetic, formic, lactic, gluconic, glycolic, oxalic, succinic, malic, maleic and citric acids in order to solubilize inorganic phosphate compounds (Lal 2002) . The production of phosphatase enzyme activity from phosphobacteria can bene it sustainable organic farming systems in coastal ecosystems and reduce the agrochemical utilization in agricultural ields ( idawati 2011). The present study was undertaken to isolate phosphobacteria from rice rhizosphere and to determine their production capacity of growth regulator (IAA) and phosphatase enzyme under in vitro condition. 
MATERIALS AND METHOD
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Phosphobacteria were isolated from soil samples by serial dilution and spread plate method. The 1g of soil sample was dispersed in 9.0 ml of autoclaved distilled water and was thoroughly shaken. 1ml of the above solution was again transferred to 9.0 ml of autoclaved distilled water to form 10 -2 dilution. Similarly 10 and 10 -8 serials were made for each sample. 0.5ml of each dilution was spread on Pikovskaya's (PVK) agar medium (Pikovskaya 1948 ) and incubated at 30 C for 3 days. The halo formation around the bacterial colony was considered as the indicator of phosphate solubilizing activity (Seshadri et al. 2002) . Colonies showing halozone were picked and further puri ied on PVK agar medium and NBRIP liquid medium for further analysis.
D S I I P
Phosphorus solubilizing activities of each isolates was assayed by spotting a pin point inoculation of the culture on PVK agar plate incubated at 30 C for 7days and measured according to Edi-Premono et al. (1996) .
SI=
Colony diameter + Halozone diameter Colony diameter
E A P A
For the acid phosphatase activity, phosphobacteria were cultured in NBRIP medium and incubated at 30 C for 48hours and assayed according to Tabatabai and Bremner (1969) . To 3ml of the culture, 1ml of acetate buffer (pH 5.6) and 1ml 0.115M p-nitrophenyl phosphate were added. The mixture was incubated at 37 C for 1h. Phosphatase reaction was stopped by adding 20ml 0.5N NaOH. This mixture was then transferred to a 50-ml volumetric lask and the volume was made to with distilled water. The absorbance of yellow colour chromophore was read in a spectrophotometer (Dynamica Halo DB-20) at 410nm.
IAA production was determined following the method described by Gutierrez et al. (2009) . Bacterial strains grown in sterilized 100 ml liquid NBRIP medium containing 1 ml of 0.2% tryptophan were incubated for 48 hours with continuous shaking at 30°C. A sterilized uninoculated medium was served as the control. Treated sample and control were centrifuged for10 minutes at 10,000g. The clear supernatant of 1 ml was mixed with 4 ml of the Salkowski's reagent (50 ml of 35% perchloric acid and 1 ml of 0.05 M FeCl 3 ). The mixture was incubated in the dark at 37°C for 30 min. Development of pink colour indicates the IAA production and optical density was measured at 530 nm using spectrophotometer (Dynamica Halo DB-20).
S A
All the experiments were performed in triplicate and the mean values with SE were calculated. One-ay ANOVA was performed using STATISTICA 5.0. Statistical signi icance at p 0.05 was considered.
RESULTS AND DISCUSSION
I S P S B
A number of bacterial isolates were found in the soil rhizosphere. In the present study, seventeen isolated bacterial strains were recorded. The phosphobacteria were  designated as TZPSB1, TZPSB2, TZPSB3, TZPSB4, TZPSB5,  TZPSB6, TZPSB7, TZPSB8, TZPSB9, TZPSB10, TZPSB11,  TZPSB12, TZPSB13, TZPSB14, TZPSB15, TZPSB16 and  TZPSB17 respectively Phosphobacterial colonies were isolated on Pikovskaya's agar media which is a speci ic media for isolation of phosphate solubilizing bacteria. It has beenobserved that a higher percentage of PSB were concentrated in the rhizosphere of plants ( hipps and Lynch 1986). Rhizosphere microorganisms are known to mediate decomposition, nutrient mineralization and nitrogen ixation (Pradhan and Sukla 2005) .
All the isolated bacterial strains were able to solubilize phosphate compound on PVK agar media plates with solubilization index ranging from 2.247-3.000cm (Fig.  1) . Among the 17 phosphobacterial isolates, TZPSB13 (3.000cm) shows maximum zone of solubilization, followed by TZPSB15 (2.958cm), TZPSB14 (2.956cm) respectively during 7 days of incubation. Phosphate solubilization which exhibitsclear halos around their colonies was due to solubilization of insoluble inorganic phosphates compound due to the production of organic acids by PSB in the surrounding medium (Gaur 1990 ). Solubilization of bounded inorganic phosphate compound depends upon the properties of soil which indicates about the diversity of certain micro-organism ( idawati 2011). The formation of halozone due to organic acid production by the microorganisms in the media plates are considered as potential phosphate solubilizers (Singal et al. 1991; Das 1989) . The amount of acid phosphatase activity produced in NBRIP medium by each of the 17 isolated bacterialstrains was quantitatively measured using method of Tabatabai and Bremner (1969) . The production of acid phosphatase enzymes was found between 5.510 μg p-NPml ) respectively. It has been reported that the ability of solubilization depends on the production of organic acids and the presence of phosphates enzyme in microbes (Park et al. 2010) . Thus, among the 17 isolated bacterial strains, it might be possible that TZPSB13, TZPSB15, TZPSB14 and TZPSB12 produce more organic acids and phosphatase enzyme by which the above strains solubilize more amount of phosphate.However, there was a positive correlation between phosphate solubilization index and phosphatase enzyme activity. This might be due to availability of higher amount of phosphorous in the medium (Barik and Purushothaman 1998) .
The phosphatase activity in 17 isolates is shown in Fig. 2 . The observed solubilization of phosphate might be due to the activity of certain microbes or phosphatase enzyme. Previous studies have shown that strains from aerobic rice produce phosphatase and phytase enzymes, which enhanced plant growth and P solubilisation (Glick 2005) . The production of phosphatase enzyme by the PSB isolated from groundnut rhizosphere has been reported by Ponmurugan and Gopi (2006) . In the present study we have found that all the strains of phosphobacteria produce IAA during 48 hours of incubation under in vitro conditions (Fig. 3) . Among the 17 isolated bacterial strains, TZPSB9 produce highest amount (11.373 μg ml ) and TZPSB10 (9.567μg ml -1 ), respectively. The IAA stimulates increase in cell elongation as well as cell division and differentiation in plants (Ahmad et al. 2008) . Furthermore, IAA stimulates lateral root formation which in turn could facilitate high root surface area for nutrient absorption from soil (Compant et al. 2010) . Bacteria isolated from rhizosphere soils are known to produce growth-regulating substances (Brown 1972) . Some of the phosphobacteria are also able to produce vitamins towards the dissolution of bi-calcium phosphateand are capable of dissolving phosphate (Baya et al. 1981; Barea et al. 1978) . Phosphate solubilizing bacteria are capable of producing physiologically active auxins that may have pronounced effects on plant growth. The presence of a physiological precursor, tryptophan, release greater quantities of IAA in a culture medium which varies greatly among different species culture conditions, growth stage and availability of substrate (s) (Brown 1972) . There is also an increasing evidence that phosphobacteria improve plant growth due to biosynthesis of plant growth substances rather than their action in releasing available phosphorous (Ponmurugan and Gopi 2006) . 
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STATISTICAL ANALYSIS
The analysis of variance showed signi icant variation (p 0.05) of solubilization index, acid phosphatase activity and indole acetic acid (IAA) among the isolated PSB strains. 
CONCLUSION
Phosphate is one of the most essential plant mineral nutrient which increase growth and yield. 17 phosphates solubilizing bacterial strain were isolated from Thenzawl paddy ield. The isolated phosphate solubilizing bacteria not only solubilise insoluble forms of phosphorous but also produce growth promoting substances like indole acetic acid (IAA). In this study it was observed that a signi icant variation (p 0.05) of acid phosphatase activity and indole acetic acid (IAA) among the isolated PSB strains were observed.
